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Sensor devices are an important but often unglamorous family of compound semiconductor devices. 
Nevertheless, they are generating a multi-million dollar business since for nearly every manufacturing opera- 
tion or product therefrom, a sensor is required. As a result, the sensor market is a high volume manufacturing 
activity but one which never stands still. Systems designers have a growing range of sensar types from which 
to choose: VCSEL gas sensors, InGaAs thermometers and UV personal monitors, to name but three. 
A 
s we saw in the previous is- 
sue, sensors form a key part 
of most defence systems but 
this is a fairly specialised area with 
high cost devices in small volumes. 
In many cases, however, these de- 
vices then fmd their way into civilian 
applications. Moreover, the military 
has often been the sponsor of the 
K&D necessary to bring materials 
and processes required for the fabri- 
cation of sensors into being. 
Sensors are required for a wide 
range of applications but some of 
the most important are those which 
provide data on temperature or the 
presence of gases and other hazards, 
e.g. radiation. Such sensors have to 
be sensitive over distinct parts of the 
spectrum from IR to the UV and be- 
yond into X-rays. Sensor devices 
range from basic low cost photodi- 
odes to imaging arrays. 
In the industrial and defence 
sectors there is currently great in- 
terest in detector devices based on 
indium compounds (InSb and InAs) 
having particular sensitivities in the 
IR band, which is important for pol- 
lution monitoring and control. 
Security organisations are interest- 
ed in focal plane arrays for object 
detection and tracking.These arrays 
do not require expensive and bulky 
cryogenic cooling but offer compa- 
rable performance with conven- 
tional sensor systems. 
IR sensing 
The basic staple of the detection of 
IR wavelengths is the photodiode. 
A wide range of devices is available 
with new products appearing all 
the time. For example, Detection 
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Technology (Ii, Finland) recently 
launched the PDC-series of high- 
performance photodiodes for de- 
manding industrial applications 
optimized for measuring 300-l 120 
nm light and for measurements 
where extremely low noise is re- 
quired. Typical applications of 
PDC-series photodiodes include in- 
tensity, power, transmission, re- 
flectance and other types of 
measurements with laser and LED, 
and scintillation light. 
Temperature measurement is 
one of the most important applica- 
tions for sensing and this is often 
achieved through the monitoring 
of IR emission. III-V compounds 
are particularly well-suited to this 
requirement but until recently 
have been considered too expen- 
sive for some applications when 
compared to other types of sensor 
which are of very low cost. One of 
the important recent develop- 
ments in this area is the commer- 
cialisation of InGaAs detectors. In 
fact these devices are now replac- 
ing conventional Ge-based devices 
for many applications. 
InGaAs detectors are already 
popular in datacomms and pollu- 
tion monitoring. More recently, re- 
duced costs and improved features 
have resulted in new applications 
for these devices. Akin to many 
types of laser diode, the most ex- 
pensive parts of today’s sensors are 
not the active semiconductor but 
the associated optics. Thanks to 
lower cost materials and more effi- 
cient mass production the market 
for these devices is able to reach 
higher volume applications such as 
in consumer productsThe demand 
for lower cost gas concentration 
and blood pressure monitors for 
the consumer market triggered a 
technology drive for more cost-ef- 
fective InGaAs-based sensors. 
Competitively priced InGaAs de- 
tectors have now become available 
with wavelengths at 1.6, 1.9, 2.2, 
and 2.6 nm and these are replacing 
conventional Ge-based detectors. 
The IR sensor market has also ben- 
efited from the trend towards fur- 
ther miniaturisation of components 
giving rise to applications in 
portable units. 
In particular, it has become very 
economical to manufacture 2.6 pm 
InGaAs detectors having high sensi- 
tivity and lower noise. As regards 
miniaturisation, the use of microsys- 
terns and better preamplifiers have 
resulted in smaller overall dimen- 
sions of the component. 
Auto sensors 
Althougb we will cover automotive 
electronics more thoroughly in the 
next issue, this sector has always 
had a large appetite for sensors of 
all types. The trend is to use more 
and more sensors to be able to com- 
ply better with, for example, ex- 
haust emission regulation and fuel 
efficiency The Hall effect sensor 
market is well established but III-V- 
based devices are now under threat 
from new technologies based on 
lower-cost silicon CMOS, a new 
type of material being used in both 
anisotropic magnetoresistive (MK) 
and giant MR technologies. 
Other applications within the 
vehicle-based sensor market in- 
clude exhaust monitoring and 
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“smart” features such as seats that 
remember a driver’s preferred po- 
sition as included in some luxury 
vehicles. High temperature opera- 
tion in adverse environments is of- 
ten required coupled with 
reliability and, of course, low cost. 
These factors mean that while the 
auto market is a substantial one, 
volumes are high and margins fair- 
ly low. Nevertheless, an increasing 
number of compound semicon- 
ductor based components are mak- 
ing their way into sensors of every 
description from exhaust monitor- 
ing to collision avoidance. 
Another type of sensor for mo- 
tion detection is that based on 
InSb MR sensing elements as made 
by Panasonic Industrial Company. 
This is made by directly applying 
an InSb thin-film MR element to a 
silicon substrate and is capable of 
accurately detecting rotation at 
low speeds as well as at speeds up 
to 15 kHz, for automotive applica- 
tions such as crankshaft and 
camshaft position sensing, shaft- 
speed sensing in transmissions, and 
wheel speed measurements. 
EMCORE also makes InSb MR 
sensors. The company has shipped 
over 8 million devices since 1997 
for automotive applications (cam 
and crankshaft sensors). Future au- 
tomotive performance and emis- 
sions requirements are driving the 
demand for speed and position 
sensors capable of higher accura- 
cies and temperature capabilities. 
Traditionally, electronic circuitry 
has been located remotely from the 
adverse thermal environment of the 
engine compartment. However, 
there is interest in more integrated 
sensors. Commercial devices which 
operate at >125”C are still rare and 
work is lacking on related compo- 
nents such as circuit boards. So for 
now they will be too expensive and 
so are used only at critical areas in 
high-end systems, e.g. the aerospace 
sector is already looking to install 
jet engine monitor circuitry in close 
proximity to hot parts. 
Sic, GaN and diamond have ad- 
vantages for power control and 
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high temperature operation but 
these have so far only reached lab- 
oratory status. However, specially 
formed silicon materials are mak- 
ing progress because of the great 
maturity of the silicon mainstream 
and also because there are many 
other applications to bring on the 
technology. SO1 (silicon-on-insula- 
tor) processes are being developed 
in the USA (Ibis, Motorola) in 
Europe (SOITEC, Thomson-CSE 
GEC Marconi) and Japan (Kobe 
Steel, Mitsubishi). Ordinary silicon 
circuits can operate at up to 200°C 
(albeit de-rated in some respects 
for shorter lifetime) and SOI can 
extend this to 350°C. 
For example, the Japanese de- 
veloper of Hall effect ICs, Asahi 
Kasei Electronics, has developed 
digital output magnetic sensors for 
applications in electric appliances, 
factory automation equipment, au- 
tomotive electronics and a variety 
of temperature-sensitive applica- 
tions.These are also based on InSb 
and with it the ICs can deliver 
without contact a stable duty cycle 
and superior sensitivity The in- 
creased sensitivity means that Hall 
effect ICs, with their narrow and 
stable dynamic range of magnetic 
flux, can operate in a much smaller 
magnetic field. 
Sensors incorporating micro- 
electromechanical systems (MEMS) 
are also of great interest. For exam- 
ple there are already a number of 
commercial MEMS accelerometers, 
sensors and actuators in volume 
applications such as vehicle 
airbags, fuel pressure and other 
types of sensors.These are now be- 
ing combined with various types 
of III-V devices, such as lasers, to 
create novel new types of sensors. 
VCSEL sensors 
Switzerland based CSEM’s single- 
mode VCSELs were awarded the 
Grand Prize at the inaugural Best of 
Sensors Expo Awards at the 1999 
Sensors Expo in Baltimore. TFR 
spoke to Karl Heinz Gulden Section 
Head Optoelec-tronics, “CSEM be- 
gun commercialisation of VCSELs 
and we are one of only three corn- 
panies in Europe which have the ca- 
pability to manufacture these 
devices.” 
CSEM is producingVCSEL-based 
gas sensors. “VCSELs have high se- 
lectivity and they are fast.They also 
are not susceptible to poisoning 
and have long lifetime. 
Electrochemical sensors do not 
have these characteristics, their re- 
sponsivity is of the order of 10 to 
20 seconds whereas for VCSEL- 
based sensors it is of the order of 
milliseconds. They are therefore 
good for remote sensing such as in 
explosive atmospheres.” 
There is a high level of interest 
in Europe for gas sensing such as 
oxygen, water vapour or nitric ox- 
ide etc. “These are three examples 
where VCSELs have been tested,” 
says Gulden. “There is a definite 
market for VCSELs in this area. To 
use a laser you have to have single 
mode operation and the laser must 
be tunable over a certain wave- 
length region. Most importantly, be- 
cause of intense competition from 
existing sensors, the laser devices 
have to be very cost-effective. 
Other lasers have been considered 
but these are generally too expen- 
sive and their economics do not 
scale when you go to larger 
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numbers. Whereas VCSELs are eco- 
nomic and they scale very well 
with volume so you have the ex- 
pectation that when the market 
takes off they get even cheaper.” 
UV sensing 
Historically, UV sensing has been 
covered by a variety of approaches. 
The basic difficulty is that the opac- 
ity of silicon - one of the principal 
semiconductor materials for longer 
wavelengths - increases strongly 
close to 400 nm. Throughout the 
years, however, devices have been 
adapted to permit satisfactory de- 
tection of UV wavelengths but most 
of these are a compromise. 
Many of the photosensitive ma- 
terials used for longer wavelengths 
have diminished usefulness and ap- 
plication at UV wavelengths. 
Phototransistors are also very in- 
sensitive to UV wavelengths and so 
are not in common use. Designers 
frequently use non-semiconductor 
approaches such as photomultipli- 
ers but these are more expensive 
and less robust than semiconduc- 
tor equivalents. By reducing the 
thickness of other components 
such as CCDs, a degree of sensitivi- 
ty in the UV region is achieved. 
One of the drawbacks of these 
approaches is that they have a rela- 
tively broad wavelength sensitivity. 
However, GaN-based UV detectors 
have a sharp cut-off in the blue 
region. 
Silicon detectors have a major 
limitation, in that these are more 
responsive to the unwanted visible 
light than UV light. On the other 
hand, GaN detectors are more re- 
sponsive to UV than visible. This 
means that the detector is much 
less affected by radiation from visi- 
ble and IR wavelengths such as 
those from the sun or flames.This 
is the so-called “Solar Blind” princi- 
ple and is very important for cer- 
tain applications such as 
distinguishing a missile exhaust 
plume against a sunlit background 
for daylight military operations or 
for flame monitoring. 
Figure 2. Hybridization process for UV digital camera. 
APA Optics’ UV-2500 series of 
detectors have responsivity up 
to five times greater than equiva- 
lent phototubes. The company’s 
newest application of this technol- 
ogy is the “SunSense”, a digital 
wristwatch (see Figure 1) which 
senses UC: the most damaging so- 
lar radiation to human skin and 
eyes. “It displays the “UV Index” 
numerically and graphically with 
sun rays displaying the “Safe Sun 
Time” allowing the user to make 
an intelligent choice about how 
much exposure is acceptable,” says 
APA. “Afterwards, it computes an 
initial SST then continues to re- 
compute that, based on detection 
of the changing intensity of the 
sun’s rays throughout the day. At 
Index values above 10, the sun dot 
will flash to warn of dangerous UV 
levels .” 
Also in the USA, North Carolina 
State University’s Solid State 
Physics Laboratory, under the di- 
rection of Professor Jan E 
Schetzina, and in conjunction with 
the Night Vision Laboratory at Fort 
Belvoir and the Honeywell 
Technology Center has built a pro- 
totype UV camera. A world first, it 
features a 32 x 32 array of photodi- 
ode sensors - or 1,024 sensors in 
all - and when fully developed us- 
ing large-format photodiode arrays, 
this new type of UV digital camera 
could be used for numerous tasks 
in defence, welding imagery and at- 
mospheric ozone-level detection, 
see Figure 2. 
“As there is less and less ozone 
in the atmosphere, more UV comes 
through. Our camera can monitor 
this,” Schetzina says. In addition, 
large-format UV cameras based on 
AlGaN photodiodes are expected 
to play a vital role in obtaining UV 
images of astronomical objects. 
The new camera doesn’t use film - 
its sensing element is the array of 
photodiodes. “We estimate it will 
take several years before there are 
enough of the new cameras to sat- 
isfy demand by scientists and gov- 
ernment agencies” he added. 
Future sensors 
The predominant form of sensor is 
the stand-alone, remote unit, which 
has the associated electronics re- 
motely located.There is, however, a 
growing trend to develop integrat- 
ed sensors so that the detector and 
electronics are more closely com- 
bined. However, these are present- 
ly considered to be too expensive 
and less important in the overall 
system design cost.There~ are signs 
that this trend may change as other 
factors such as weight saving and 
speed of response become more 
important. 
The next decade will, therefore, 
see even more widespread use of 
sensors in applications from the 
exotic to the commonplace. Many 
of these devices will rely on ad- 
vanced compound semiconductor 
materials and process technolo- 
gies. As in many other walks of life 
where electronic products are con- 
cerned few systems these days are 
able to function without some 
form of III-Vs device at the heart of 
the system-To put it another way, if 
silicon could be said to be the 
“brain” then III-Vs sensors provide 
the “eyes and ears”. 
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